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occurring populations of both species in north-western Spain. After the first growth 125 cycle, the seedlings were transplanted to containers of 25 L. All plants were irrigated 126 every 2 days. Measurements were performed at the end of june 2012 in fully matured 127 leaves of 4-year-old seedlings for both species. 128
The distribution ranges of each species have contrasting climatic conditions. Q. 129 robur occurs in sites where annual and summer precipitation (P and P s , respectively) are 130 higher than in the sites where Q. faginea occurs ( Table 1 ). The mean annual and 131 summer temperatures (T and T s , respectively) are higher for the sites where Q. faginea 132 occurs ( Table 1) . As a consequence, the Martonne aridity index [MAI = P/(T + 10)] and 133 the Gaussen index (the number of months in which P < 2T, where P is the monthly 134 precipitation in mm and T is the monthly mean temperature in °C) are also higher for 135 the sites where Q. faginea occurs (Table 1 100 %) and stained with safranin. Then, leaves were scanned at 1200 dpi resolution and 157 the leaf area and lengths of first-, second-and third-order veins were measured using the 158 ImageJ software. Vein densities for each order were calculated as the vein length/leaf 159 area ratio. The MVD was then obtained as the sum of the first-, second and third-order 160 vein densities. Finally, the leaf area ratio (LAR) was calculated in ten current-year 161 shoots per species by dividing the total leaf area per shoot (measured as described 162 above) by the dry weight of the shoot. 163
164

Stem hydraulic conductivity 165 166
The hydraulic conductivity (K h , kg m s -1 MPa -1 ) was determined in current-year stem 167 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   9 where C l , (mol MPa -1 m -2 ) is the leaf capacitance for each species. C l was calculated as 199 the initial slope of the P-V relationships, normalized by the leaf area (Brodribb et 1 . Leaf temperature and VPD were maintained at 25°C and 1.25 kPa, respectively, 215 during measurements. Once steady state gas-exchange rate was reached under these 216 conditions (usually 30 min after clamping the leaf), net assimilation rate (A N ), 217 transpiration (E), stomatal conductance (g s ) and the effective quantum yield of PSII 218 were estimated. Thereafter, C a was decreased stepwise down to 50 µmol mol -1
. Upon 219 completion of measurements at low C a , C a was increased again to 400 µmol mol -1 to 220 restore the original value of A N . Then, C a was increased stepwise to 1800 µmol mol 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
where A N and the substomatal CO 2 concentration (C i ) were taken from gas exchange 245 measurements at saturating light, whereas Γ* (the chloroplastic CO 2 photocompensation 246 point in the absence of mitochondrial respiration) and R l (the respiration rate in the 247 where g ias is the gas phase conductance inside the leaf from substomatal cavities to outer 290 surface of cell walls, g liq is the conductance in liquid and lipid phases from outer surface 291 of cell walls to chloroplasts, R is the gas constant (Pa m 3 K -1 mol -1 ), T k is the absolute 292 temperature (K), and H is the Henry's law constant for CO 2 (Pa m 3 mol -1 ). g m is defined 293 as a gas-phase conductance, and thus H/(RT k ), the dimensionless form of the Henry's 294 law constant, is needed to convert g liq to corresponding gas-phase equivalent 295 conductance (Niinemets and Reichstein, 2003 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 Table  327 4 were used to apply the contribution analysis. Second, we analyzed the effect of 328 reduction in g s (i.e. simulating a response to VPD or soil water deficit) in the % of 329 contribution to A N limitation. We assumed that, as g s was reduced, g m and V c,max were 330 maintained constant. 331
332
Determination of total soluble protein, Rubisco and leaf N contents 333 334
Leaves from Q. robur and Q. faginea were ground in 500 µL of ice-cold extraction 335 buffer containing 50 mM Bicine-NaOH (pH = 8.0), 1 mM ethylene diamine tetracetic 336 acid (EDTA), 5% polyvinyl pyrrolidone (PVP), 6% polyethylene glycol (PEG 4000 ) , 50 337 mM β-mercaptoethanol, 10 mM dithiothreitol (DTT) and 1% protease-inhibitor cocktail 338 (Sigma-Aldrich Co. LLC., USA). The extracts were centrifuged at 14000×g for 1 min at 339 4°C and the total soluble protein (TSP) concentration in supernatant was quantified by 340 the method of Bradford (1976 Ltd., London, UK). PCR program for amplifications comprised initial cycle at 94ºC for 360 2 min, 55ºC for 30 s, 72ºC for 4 min, followed by 30 cycles of 94ºC for 30 s, 56ºC for 361 45 s, and 72ºC for 1 min, and a final elongation at 72ºC for 5 min. The PCR products 362 were separated on 2% agarose gels and purified using Roche High Pure PCR Product 363 Purification Kit (Roche Diagnostics, Barcelona, Spain). The amplified PCR products 364 were sequenced with an ABI 3100 Genetic analyzer using the ABI BigDyeTM 365
Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, 366 California). 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 2 ). In contrast, MVD and LMA were 381 higher in Q. faginea (Table 2) . 382
The hydraulic parameters of current-year twigs showed a 7-fold higher K h in Q. 383 robur as compared to Q. faginea. However, this difference in K h between both species 384 was buffered when expressed in a sapwood area basis (K s ) (Table 3) , indicative of the 385 production of conductive tissues with a similar efficiency in both species, or in a leaf 386 area basis (LSC) ( (Table 4) . The values of K leaf for both species showed trends consistent with those 393 described above for leaf gas exchange parameters: the value for Q. faginea (27.7 ± 1.5 394 mmol m -2 s -1 MPa -1 ) was higher than that for Q. robur (17.9 ± 1.3 mmol m -2 s -1 MPa -1 ) 395 (Table 3 ). The differences in A N were partly associated with the greater LMA in Q. 396 faginea when compared with Q. robur (Table 2) . In fact, when the net photosynthetic 397 rate was expressed per unit dry mass, no statistically significant differences (P < 0.05) 398
were found between Q. robur and Q. faginea (data not shown). 399
The mesophyll conductance to CO 2 (g m ) and the chloroplastic CO 2 concentration 400 (C c ) were higher in Q. faginea (Table 4) identical absolute values of g s in both species, the A N limitation due to stomata is always 412 higher in Q. faginea than in Q. robur (Figure 3) , greatly due to the higher V c,max in Q. (Table 5 ). The anatomical parameters were further used to estimate different 418 components of the CO 2 transfer resistances relative to total mesophyll resistance for 419 both species (see Material and Methods for details). On one hand, regarding the gas 420 phase, no differences were found in r ias between both species ( of T cyt , and T chl found in Q. faginea (Table 5) . Consequently, the estimated value of g m 424 was higher in Q. faginea than in Q. robur (Table 6 ), in agreement with the differences 425 found in g m obtained by gas exchange and chlorophyll fluorescence measurements 426 (Table 4) . 427
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which resulted in a higher chloroplastic CO 2 concentration (C c ) ( Table 4 ). The 552 differences in g m between both species can be partially attributed to the variation in leaf 553 anatomical traits, i.e. T cyt and T chl (Table 5) 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
should have a negative effect of carbon gain that is partially compensated with a higher 594 A N at the expense of a much higher maximum g s , which has been considered one key 595 trait for classifying this species as a "water spender" (Mediavilla and Escudero 2004) . 596
We propose that the extremely high g s values in Q. faginea counteract the reduction in 597 g s imposed by the stomatal sensitivity to VPD, allowing this species to maintain high A N 598 values through the changing conditions along the vegetative period in its natural habitat. 599
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